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(54) DISCRIMINATION METHOD OF DETERIORATION STATE OF ROPE AND ELEVATOR 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an elevator 
having a means for grasping a deterioration advancing 
state of a rope with the lapse of time and determining a 
rope scrap ping time. 

SOLUTION: In this elevator where a car and a counter 
weight are connected by plural ropes, and the ropes are 
wound on sheaves to be frictionally driven, optical fibers 
are mounted in the ropes, a light emitting means is 
mounted on one end of each rope, a light receiving 
means is mounted on the other end of each rope, and 
further a means for detecting and recording the change 
of the transmittance amount of the light passing through 
the optical fiber, a means for determining the 
deterioration and the life of the rope, and a means for 
informing the scrapping time of the rope and a result of the detection to a manager of the 
elevator, are installed. As the deterioration advancing state of the rope can be continuously 
grasped on-line, the time to replace or scarp the rope can be quickly determined, which 
improves the safety and the reliability on the elevator. Further by automatically recording and 
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informing the deterioration advancing state of the rope, the labor for maintenance can be 
saved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of distinguishing the degradation state of the rope used for the 
part where crookedness acts repeatedly as a load-bearing member An optical fiber is 
arranged in each strand and said rope at the end of said rope [ a luminescence means ] 
The degradation state distinction approach of the rope characterized by equipping the 
other end with a light-receiving means, detecting change of the permeation quantity of 
light which passes through the inside of said optical fiber, and judging degradation of 
said rope and a life based on the change. 

[Claim 2] A means to record the acceptable value of the decreasing rate of the permeation 
quantity of light which passes through the inside of said optical fiber in the degradation 
state distinction approach of the rope the 1st description of a claim, The degradation state 
distinguishing method of the rope characterized by having a means to record the value of 
the detected permeation quantity of light, a means to convert the value of the detected 
permeation quantity of light into a decreasing rate, and a means to judge ****** [the 
converted decreasing rate / in an acceptable limit J. 

[Claim 3] The coat which becomes the outer layer of said rope from a conductive 
ingredient in the degradation state distinction approach of a rope according to claim 1, 
The coat which is the covered rope architecture which becomes the outermost layer from 
a non-conductive resin ingredient, is equipped with an electric power unit between the 
coat which consists of a conductive ingredient of said rope, and said metal sheaves, and 
consists of said conductive ingredient, The degradation state distinction approach of the 
rope characterized by detecting abrasion of said outermost layer resin coat, and 
degradation from the flow by contact with said metal sheaves. 

[Claim 4] In the elevator which a riding basket and a balance weight are connected with 
two or more ropes, and is winding this rope around a sheave and carries out a friction 
drive to it A means to detect change of the permeation quantity of light which an optical 
fiber is arranged by each strand which constitutes said rope, and one end of said rope is 
equipped with a luminescence means, it equips the other end with a light-receiving 
means, and passes said optical fiber, The elevator characterized by having a means to 
record said detection value, a means to judge the discarding time by degradation of said 
rope from said detection value, and said detection value and a means to tell the 
management of an elevator having continued till discarding time. 
[Claim 5] In an elevator according to claim 4, [ said rope ] The coat which gives the coat 
of a conductive ingredient, and the coat which consists of a non-conductive resin 
ingredient in the outermost layer to an outer layer, equips it with an electric power unit 
between the coat which consists of a conductive ingredient of said rope, and said metal 
sheaves, and consists of said conductive ingredient, A means to detect the flow by contact 
with said metal sheaves, and a means to record the rope part through which it flowed, The 
elevator characterized by having a means to judge discarding time from abrasion of said 
outermost layer resin coat, degradation, and the quantity-of-light detection result of said 
optical fiber, and said flow record and a means to tell the management of an elevator that 
the rope continued till discarding time. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rope used for an elevator etc., and 
relates to the rope type elevator using the degradation state distinguishing method and it 
especially. 
[0002] 

[Description of the Prior Art] As the approach of a life judging of a rope, [ JP,H10- 
182036,A ] In the rope used for winding up of an elevator, the tube which does not hold a 
load is prepared in a strand. The target of discontinuous permeability is prepared in the 
tube, change of the distance between each target is detected from change of the magnetic 
field at the time of a rope passing a detector, and the method of judging the discarding 
time of a rope is indicated. The monitoring device which generates the RADAR light or 
laser light of high frequency for change of this magnetic field is installed so that a beam 
may be perpendicularly generated to the die-length direction of a rope, and measuring the 
reflection from a target is indicated. 

[0003] Moreover, carrying out the monitor of the condition of fracturing by twisting the 
conductive indicator fiber which consists of carbon fiber, and it being crowded, and 
impressing an electrical potential difference in the strand which constitutes a synthetic 
fiber cable to JP,H8-261972,A is indicated. 
[0004] 

[Problem to be solved by the invention] The degradation state of a rope must be 
appropriately detected for safe reservation. Before it becomes impossible for a rope to be 
equal to an activity, the management of a rope has to grasp this. In order to prevent a 
sudden rundown of the mechanical system using sudden rope fracture or a rope 
especially, monitoring of the degradation stages of progress of a rope is carried out on- 
line continuously, and they must grasp the condition of changing. Thereby, the rope as 
consumable goods can be exchanged intentionally and the safety as a mechanical system 
and dependability can be raised. 

[0005] The object of this invention grasps temporally the degradation stages of progress 
of the rope which repeated crookedness, and there is in offering the apparatus which 
notifies the approach and it which judge the discarding time of a rope. 
[0006] 

[Means for solving problem] Progress of the chlorosis accompanying the number of times 
of crookedness of the optical fiber made of resin in order to attain the above-mentioned 
object, That is, paying attention to abatement of a permeation quantity of light, an optical 
fiber is arranged in the strand which constitutes a rope, one end of a rope is equipped with 
a luminescence means, and the other end is equipped with a light-receiving means, and 
change of the permeation quantity of light which passes an optical fiber is detected, and it 
has degradation of a rope and a means to judge a life. 

[0007] Moreover, it has a means to record the value of the detected permeation quantity 
of light, a means to convert the value of the detected permeation quantity of light into a 
decreasing rate, and a means to judge ****** [the converted decreasing rate / in an 
acceptable limit ]. 



[0008] Moreover, the rope with which the conductive coat was performed to the outer 
layer of the rope, and the resin coat was further given to the outermost layer is almost 
wound around metal sheaves, an outermost layer resin coat wears out and deteriorates, 
and it has a means to detect degradation of a rope and a life, from the flow at the time of a 
conductive coat and metal sheaves contacting. 

[0009] Moreover, in the elevator equipped with these rope degradation detecting 
methods, a detection result is recorded, temporal degradation and progress are grasped, 
and it has a means to notify having resulted at degradation of a rope and life time to an 
elevator management. 
[0010] 

[Mode for carrying out the invention] One work example of this invention is explained 
using drawing 8 from drawing 1 . Degradation of a rope can be expressed as lowering of 
breaking strength. In the case of the rope made from a synthetic fiber used especially as 
****, by the relative skid between fiber by the crookedness accompanying sheave 
passage of a rope etc., partial fracture of the fiber arises and the breaking strength of the 
whole rope falls. At this time, the amount maximum of skids between fiber increases with 
rope diameter d, and decreases with growth in the diameter D of a sheave. The 
degradation state of the rope in the part can be distinguished from this by creating the 
data base of the degradation progress accompanying sheave passage of a rope, and 
detecting the hysteresis of the number of times of repetition bending in a part with a rope 
for every combination of rope diameter d and the diameter D of a sheave. 
[001 1] For this reason, decline in the retention of the rope breaking strength 
accompanying growth in the number of times of rope crookedness was measured first. 
The experimental result is shown in drawing 1 . In drawing 1 , there is an axis of abscissa 
by the number of times of crookedness, and an axis of ordinate shows the retention of 
breaking strength. In this experiment, the rope was almost wound around the sheave 1 80 
degrees, and tension passed the repetition sheave as 10% of the breaking strength which 
the rope has. the ratio of the diameter D of a sheave which the used ropes are 10mm of 
diameters, and sheaves are 200mm of diameters, and 300mm, and is made high [ a rope 
life and connection ] to rope diameter d - D/d is set to 20 and 30, respectively. When the 
number of times of crookedness amounted to 103 times, 104 times, 105 times, and 106 
times, reinforcement retention was obtained as compared with the breaking strength in 
the condition of measuring the breaking strength of the rope and not making it crooked 
with a tension tester. From an experimental result, with growth in the number of times of 
crookedness, reinforcement retention falls and the decreasing rate is understood that D/d 
of 20 is larger than the time of D/d being 30. 

[0012] Next, when a rope was used as **** which receives a repetition bending stretch, 
paying attention to the optical fiber, the validity was verified as a means to detect the 
hysteresis of the number of times of crookedness which the part with a rope received. If 
crookedness acts repeatedly, M chlorosis M will arise in a core material and, as for the 
plastic system optical fiber (POF) which used resin ingredients, such as poly methyl 
methacrylate (PMMA), as the core material, a permeation quantity of light will fall. For 
this reason, by arranging POF in a rope, making crookedness act on the POF itself and 
carrying out chlorosis to it, lowering of a permeation quantity of light can be detected and 
the crookedness hysteresis of a rope can be detected. 

[0013] Decline in the permeation quantity-of-light retention accompanying growth in the 



number of times of crookedness is shown in drawing 2 . In this experiment, the 
crookedness almost wound around a cylinder with a radius of curvature of 200mm 1 80 
degrees was repeated using 0.75mm in diameter, and 1.0mm POF. When the number of 
times of crookedness amounted to 103 times, 104 times, 105 times, and 106 times, the 
permeation quantity of light of POF was measured and permeation quantity-of-light 
retention was obtained as compared with the permeation quantity of light before giving 
crookedness. Permeation quantity-of-light retention fell [ 2mm in diameter, and 3mm 
POF / both ] with growth in the number of times of crookedness. Since the maximum 
birth bending stress also increases with the growth in a diameter of POF, in POF 3mm in 
diameter, chlorosis progresses and decline in permeation quantity-of-light retention is 
larger than POF 2mm in diameter. For this reason, if the diameter of POF is selected 
appropriately, lowering of the breaking strength of a rope is detectable from the diameter 
of a sheave to be used by testing by comparison the data of the rope breaking strength 
accompanying the number of times of crookedness of the rope measured beforehand, and 
the data of the permeation quantity-of-light retention of POF arranged in the rope. 
[0014] The sectional view of the rope 1 which is one work example of the degradation 
state detection approach of a rope of this invention is shown in drawing 3 . A rope 1 
twists two or more strands 3 which consist of synthetic fibers 2, such as an aramid fiber, 
and is constituted. The optical fiber 4 is arranged by each strand 3, respectively. In this 
example, the strand coat 5 which consists of resin ingredients, such as polyethylene, 
polyamide, ethylene tetrafluoride, and polyurethane, is given to the outermost layer of 
each strand 3. The rope coat 6 which the outermost layer of a rope 1 becomes from resin 
ingredients, such as polyurethane, polyamide, and polyethylene, is given. The optical 
fiber 4 has desirable POF which used PMMA as the core material. In addition, it is 
desirable to make the twist pitch of the optical fiber 4 shorter than the twist pitch of the 
synthetic fiber 2 from the difference of the modulus of elasticity of the synthetic fiber 2 
used as the load-bearing member in a rope 1 and the modulus of elasticity of the optical 
fiber 4, and to reduce the axial load of the optical fiber 4. Moreover, it is also possible to 
perform the information and telecommunications by the optical fiber 4. Moreover, the 
ingredient which constitutes a strand 3 may be changed into the synthetic fiber 2, and 
may be a steel element wire. 

[0015] Drawing 4 is drawing having shown one work example of the approach of 
detecting the degradation state of the rope 1 of this invention. The system which detects 
the permeation quantity-of-light retention of the optical fiber 4 arranged into the rope 1 is 
shown. The light emitting device 7 consists of illuminants, such as a semiconductor laser, 
a light emitting diode, and solod state laser, and is connected to the end side of the optical 
fiber 4 through a connector 8. The light transmitted in the inside of the optical fiber 4 is 
decreased by the chlorosis produced in the rope 1, and the quantity of light is detected 
with the photo detectors 9 prepared in the other end of the optical fiber 4, such as a 
photo-transistor, a pin type photo diode, and an ABARASHIN photo diode. The 
permeation quantity-of-light retention which showed drawing 2 the detected quantity of 
light, and the reinforcement retention shown in drawing 1 are tested by comparison, and 
the degradation state of a rope 1 is distinguished. That is, if the optical fiber used even if 
rope length changes is the same, since the amount of change chlorosis before and after 
chlorosis also becomes abbreviation equivalence, the permeation quantity-of-light 
retention of drawing 2 can be used. 



[0016] Moreover, as shown in drawing 4 , it is good also as architecture which intervened 
the coupler 10 and formed the photo detector 9 in the light emitting device 7 side. When 
chlorosis produces the photo detector 9 intensively in a certain part in a rope 1 with this 
architecture, the scatter reflection wave is detected. In this case, pinpointing of the 
location which chlorosis produced intensively is attained from a time difference after the 
light emitting device 7 emits light until the photo detector 9 receives light. 
[0017] Drawing 5 shows the procedure of the rope degradation state distinction 
arithmetic unit of an elevator which used the degradation state detection approach of the 
rope 1 of this invention. First, the permeation quantity-of-light retention of the optical 
fiber 4 is detected using the system shown in drawing 4 . A detection result records with 
rope mileage, total transit time, etc. which were measured, and is utilized for temporal 
grasp of degradation progress of the rope obtained from continuous determination. 
Moreover, this result is based on the data base of lowering of the breaking strength 
accompanying crookedness of a rope, and decline in the permeation quantity-of-light 
retention accompanying crookedness of POF, and is compared with the acceptable value 
of the permeation quantity-of-light retention set up and recorded beforehand. With [ 
decline in permeation quantity-of-light retention ] an acceptable value [ less than ], 
maneuvering is usually continued. When an acceptable value is exceeded, a nearby story 
is made to suspend a riding basket and maneuvering is ended. Moreover, this result is 
notified to the management of an elevator. As shown above, the degradation stages of 
progress of a rope 1 can be temporally grasped by recording a detection result at any time 
and performing the comparison with a data base. For this reason, beforehand, the life of a 
rope 1 can be predicted, exchange time with allowances can be determined, and the 
insurance of a product and dependability can be raised. 

[0018] Drawing 6 is the schematic diagram of an elevator using the rope 1 which is the 
work example of this invention. A rope type elevator is equipped with an electric motor 
1 1, a sheave 12, and the drive unit that diverts and consists of a vehicle 13. Ride on one 
side of the rope 1 almost wound around the sheave 12, the load of a counter weight 15 is 
made for the load of a basket 14 to act on another side through a sheave 12, and it has the 
device in which you make it go up and down the riding basket 14 and a counter weight 
15, by attrition between a rope 1 and a sheave 12. As for the rope 1 used here, the optical 
fiber 4 is arranged in the core. A light emitting device and the photo detector box 16 are 
installed in the edge of a rope 1, and the chlorosis condition of the optical fiber 4 
arranged in the core of a rope 1 is detected. Moreover, the elevator is equipped with the 
rope degradation state distinction arithmetic unit omitted among drawing. In addition, the 
basket position transducer 17 is installed in the riding basket 14, it combines with 
detection of a chlorosis condition by the optical fiber 4, i.e., the monitoring of the number 
of times of rope crookedness, and monitoring also of the number of times of sheave 
passage of crookedness, i.e., number of times, for every part of a rope 1 may be carried 
out from the movement magnitude of the riding basket 2. 

[0019] Drawing 7 shows the sectional view of the rope 18 which is one work example of 
the approach of detecting the degradation state of the rope concerning this invention. A 
rope 18 gives the conductive coat 19 and the non-conductive coat 20 which are 
constituted from a conductive ingredient by the outer layer (outside of the rope coat 6) of 
the rope 1 shown by drawing 3 . The conductive coat 19 consists of conductive resin, a 
metal network, a metal wire, etc. Moreover, the nonconductive resin coat 20 consists of 



resin ingredients, such as polyurethane, polyamide, and polyethylene. Moreover, as 
compared with the life of a rope 1, the construction material of outermost layer resin 20 
and thickness are determined so that abrasion of the nonconductive resin coat 20 may 
progress early, namely, so that exposure of the conductive coat 19 may become early. 
[0020] Drawing 8 shows the conductive coat 19 which is one work example of the 
approach of detecting the degradation state of the rope 18 concerning this invention and 
which was arranged into the rope 18, and the system which detects a flow with the metal 
sheaves 21. If the nonconductive resin coat 20 of a rope 18 repeats contact with the metal 
sheave 21 and abrasion progresses, the conductive coat 19 will be exposed and the metal 
sheave 21 will be contacted. If the current from a power source 22 flows between the 
conductive coat 19 and the metal sheave 21, the flow detector 23 will detect. The 
degradation state distinction arithmetic unit omitted among drawing receives this 
detection result, and the discarding time of a rope 18 is distinguished together with the 
detection result of the optical fiber described previously. Moreover, the part which the 
conductive coat 19 of the rope 18 exposed can be pinpointed based on the rope position 
information from the basket position transducer 17. These detection results are notified to 
an elevator management from the degradation state distinction arithmetic unit omitted 
among drawing. Thus, it considers to the situation which the coat of the outermost layer 
damaged, the life of a rope can be judged, and the judgment accuracy of a life improves. 
[0021] The degradation state distinction approach of the rope by this invention is 
applicable also to mechanical systems which use the rope as ****, such as apparatus 
other than an elevator, for example, a crane, a dam waiter, and a loop wheel machine. 
[0022] 

[Effect of the Invention] Since this invention is constituted as explained above, it can 
grasp the degradation stages of progress of a rope continuously on-line, and can 
determine the time of rope exchange and abolition promptly. For this reason, the safety of 
mechanical systems, such as an elevator, and dependability can be raised. Moreover, 
effectiveness is in laborsaving of a maintenance by record of the degradation stages of 
progress of a rope, and automation of communication. 



[Translation done.] 



